NASA TECHNICAL
MEMORANDUM

NASA TM X-969

NASA TM X-949
@
Q2
&
oQ
[\J

TA
IS TMRUTION STATEMEN
f—’%%:mrowed for Public Retease
‘Distribution Unlimited

NATIONAL ALTITUDE
ROCKET TEST FACILITIES

'Reproduced From l
Best Available Copy |
|
|

by Jack A. Suddreth

NASA Headguarters 2 0 0 ,‘ ,‘ 2 (‘ 0 0 6 /\ V |

W ashington, D. C.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION e«  WASHINGTON, D. C. '« JUNE 1964



Y R

NATIONAL ALTITUDE ROCKET TEST FACILITIES
By Jack A. Suddreth

Office of Advanced Research and Technology
Washington, D.C.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

For sale by the Office of Technical Services, Department of Commerce,

Washington, D.C. 20230 -- Price $0.50



NATTONAL, ATTTTUDE ROCKET TEST FACILITIES
by Jack A. Suddreth

Office of Advanced Research and Technology

SUMMARY

The necessity for experimental verification of rocket-engine performance
at altitude or near-space conditions has long been recognized in the aerospace
industry. Recent spacecraft rocket-engine research and development trends
toward higher area ratios, advanced nozzle concepts, and nonequilibrium flow
considerations have made altitude simulation a requirement of development pro-
grams. ?ﬁécause the need for information regarding the capabilities and char-
acteristics of altitude test facilities that are suitable for liquid-rocket-
_engine operation was recognized, this survey was compiled with the help of
fgﬁfesentatives of industry and government agenciesf( /&\

T

JITRODUCTION

The advent of upper-stage and spacecraft engine-vehicle development pro-
grams along with the need for more rigorous performance and reliability data
Jjustified the construction of a number of altitude test facilities. The test
capabilities of these facilities range from small attitude-control engines to
large upper-stage engines. The altitude-simulating systems include simple
diffusers coupled to the engine nozzle exit (fig. 1), steam ejector coupled to
the engine-driven diffuser (fig. 2), and pumped environmental chambers coupled
to a diffuser or ejector system for use during engine firing (fig. 3). Several
techniques for vacuum generation exist. In addition to the conventional sys-
tems of mechanical pumps and steam bollers for steam ejectors, there are semi-
portable ligquid-propellant-driven steam generators.

GENERAL COMMENTS

Certain facts must be kept in mind when using the information in this
report:

(a) Tabular listing, which is convenient to use, cannot provide sufficient
detail to describe a facility completely. Only the most basic characteristics
of the facility are included in the tabulation.

(b) Modification and expansion of facilities is a continuous effort.



(c) Many existing facilities can be varied to provide a wide range of en-
vironment, propellant combination, exhaust pressure level, starting and shut-
down transients, types of data, recording capability, and accuracy.

The various columns of table I are described more fully as follows:

Operator; Owner: The operator is the division and/or corporation having
jurisdiction of the facility. The owner is the corporation and/or government
agency owning the facility.

Stand: The code or popular name by which the stand is known.

Location: The community or geographical area where the stand is located.

Type: The type of propulsion system, liquid and/or golid, that can be
tested in the cell. (Several factors including exhaust-gas composition, scrub-
ber capability, and available propellant plumbing and storage can affect the
type of system tested.) Any predominant capebility for a liquid-propellant
combination that exists in the facility has been noted.

Rated thrust; Simulated altitude: The thrusts and altitudes shown are
typical of a particular installation and are provided for geometrical con-
siderations as well as facility capability. In some cases, mass-flow limita-
tions as well as altitude at no engine flow (start conditions) are provided.
Thrust and altitude were chosen as the major parameters of interest instead of
mass flow, vacuum, and other factors such as maximum ares ratio and blockage;
cooling of combustion products; exhaust~product flow limitations (free hydro-
gen, solids, water vapor, etc.). Lastly, comments regarding safety considera-
tions for facility, personnel, or the surrounding community are not included.

Enviromment: The manner in which the engine is coupled to the facility,
either by encapsulation or by direct connection at the nozzle exit.

Attitude: The direction of firing or installation within the facility.

Vacuum generation: The equipment available to generate and/or maintain a
vacuum condition.

Status: The operational or planning status as of the summer of 1963.

SUMMARY OF RESULTS

The modern high-performance upper stage and spacecraft rocket-engine sys-
tems require extensive testing. The proof of reliability in addition to an
accurate determination of space performance of propulsion systems has placed a
severe demand on test facilities capable of simulating altitude conditions.
Therefore, a survey was made in order to provide a tabulation of altitude facil-
ities available for rocket engine testing.




COMMENT

Because it is recognized that this tabulation mey be incomplete, comments,
corrections, and additions are solicited so that it may be revised.

Office of Advanced Research and Technology
National Aercnautics and Space Administration
Washington, D. C., March 12, 1964
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"The aeronautical and space activities of the United States shall be
conducted so as to contribute . . . to the expansion of human knowl-
edge of phenomena in the atmosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”

—INATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and technical information considered
important, complete, and a lasting contribution to existing knowledge.

TECHNICAL NOTES: Information less broad in scope but nevertheless
of importance as a contribution to existing knowledge.

TECHNICAL MEMORANDUMS: Information receiving limited distri-
bution because of preliminary data, security classification, or other reasons,

CONTRACTOR REPORTS: Technical information generated in con-
nection with a NASA contract or grant and released under NASA auspices.

TECHNICAL TRANSLATIONS: Information published in a foreign
language considered to merit NASA distribution in English.

TECHNICAL REPRINTS: Information derived from NASA activities
and initially published in the form of journal articles.

SPECIAL PUBLICATIONS: Information derived from or of value to
NASA activities but not necessarily reporting the results -of individual
NASA-programmed scientific efforts. Publications include conference

proceedings, monographs, data compilations, handbooks, sourcebooks,
and special bibliographies.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C. 20546



